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Outline

● A day in the life of a geneticist/biologist.

● CS to the rescue! (well, maybe….)

● DataFoundry’s meta-data infrastructure.

● Future research directions.
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Hey! Today, I finally get to
analyze the sequencing data I
have been collecting for the

last week.

Wow! I need to look at 500
clones. That will take a

couple of weeks.
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Man, this sure would be
easier if I could move

between these different sites
without having to reformat

the data every time.

Different
users end up

doing the
same thing.

This wastes
time, energy

and
resources.

Currently, accessing genomics data is
challenging.

Source Specific SchemaThe user is required to perform all
data management tasks.

dbEST
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SWISS-PROT

User
applications

Transform      Map
data format    similar
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input/ the data
output
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What is our  ideal environment?

A single location that provides effective access to a
consistent view of data from many sources through

an intuitive and useful inter face. PDB

dbEST
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User
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Parse Access
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What is our  ideal environment?

Businesses use
data warehouses

to accomplish
this.

A single location that provides effective access to a
consistent view of data from many sources through

an intuitive and useful inter face. PDB

dbEST
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User
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CS can address these issues 
(or  can it?)

Data warehouses

Swiss
Prot SCoPPDB

● Inter faces
✵ provide intuitive access to

the data
✵ possibly change data format

to meet user  expectations

● Warehouse
✵ stores a consistent view of

data in a local repositoryIngest
Code

● Mediator
✵ transform data from source

format to warehouse format

● Wrappers
✵ read data from source into

internal representation

Wrapper

Mediator

Wrapper

dbEST

Data
Warehouse
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Typical approaches combine wrapper  and
mediator  functionality.

User
applications

User task

Parsing
Transformations

Data Entry

SWISS-PROT
Parsing

Transformations
Data Entry

dbEST
Parsing

Transformations
Data Entry

SCoP
Parsing
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DataEntry

A
P
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When a source changes, propagating the
change can be time consuming.
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When a source changes, propagating the
change can be time consuming.

User
applications

User task

PDB
Parsing

Transformations
Data Entry

SWISS-PROT
Parsing

Transformations
Data Entry

dbEST
Parsing

Transformations
Data Entry

SCoP
Parsing

Transformations
DataEntry

A
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Global Schema

Source Specific Schema

Need an
architecture
capable of

managing change

Transform      Map
data format    similar

     concepts

Parse Access
input/ the data
output

Data
Warehouse

DataFoundry separates these tasks.

User
applications

User task

PDB

wrapper

SWISS-PROT

wrapper

dbEST

wrapper

mediator

mediator

Mediator
GeneratorMeta-data

SCoP

wrapper

A
P
I

Global Schema

Source Specific Schema

Transform      Map
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We use meta-data to automatically generate
mediators.

Transformation
Calls

Population
Code

SQL

Inter face

Mediator  Class

Mediator
Inter face

User-defined

methods

Data
Access

Translation Code

Method
Descr iption

Data
Definition

API

Translation L ibrary

Meta-Data

Abstractions

Transformation 
Descr iptions

Data
Mappings

Database
Descr iption

Mediator
Generator

The translation library and mediator  class are
used by the wrapper

A
P
I

 MediatorWrapper

parser source rep mediator
semantic 
mapping 

high-level
object 

A
P
I
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Behind the scenes, the effect of using the
DataFoundry technology is dramatic.

Activity/ integration style  typical  DataFoundry  diff   %diff

understanding SCOP      2.0            2.0          0.0         0
wr iting wrapper      4.5            2.5          2.0       44%
modifying schema      0.5            0.5          0.0         0
wr iting mediator      4.0            0.0          4.0        ---
modifying meta-data      0.0            1.0         (1.0)      --- 

total time in days     11.0            6.0          5.0       45%

Cost of integrating SCoP into warehouse that
already contains PDB and SWISS-PROT.

DataFoundry makes it possible to build and maintain
scientific data warehouses.

We are continue to explore 
data management issues on 

two fronts.
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3 Years Ago
(when we started)

There is still much to do before genomics data
integration can be considered solved.

PDB

dbEST

SCoP

SWISS-PROT

Scientists access data from
1-10 community resources

using the web

:
:
:

~ 30 
sources

distributed
over the 
WWW

~ 500 
sources

distributed
over the 
WWW

Today

There is still much to do before genomics data
integration can be considered solved.

PDB

dbEST

SCoP

SWISS-PROT

Scientists access data from
4-15 community resources

using the web

:
:
:

DF
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There are several challenges to querying
hundreds of sources:

● Usable descr iptions of relevant inter faces
✵ query input/output descr iptions required

● Automatic creation of wrappers
✵ human interaction infeasible

● Intuitive presentation of non-integrated data
✵ semantic integration of data too difficult

● Selective querying of data sources
✵ data source categor ization needed

A hybr id approach to information access
holds the most promise.

Detailed 
analysis

PDB

wrapper

SWISS-PROT

wrapper

dbEST

wrapper

mediator

mediator

Mediator
GeneratorMeta-data

SCoP

wrapper

A
P
I

Global Schema

Source Specific Schema

Data
Warehouse

Dynamic access 
to large numbers 
of non-integrated 
sources.

Query
Engine

Dynamic
source 
access wrapper

wrapper
wrapper

wrapper
wrapper

wrapper

Preprocess

Meta-data

Detailed 
analysis

PDB

wrapper

SWISS-PROT

wrapper

dbEST

wrapper

mediator

mediator

Mediator
GeneratorMeta-data

SCoP

wrapper

Source Specific Schema

Data
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A preprocessing step is used to automatically
generate wrappers.

Agent/Bot

Domain
specific

Meta-data

Preprocessing

HTML
Knowledge

Inter face
specific

Meta-data Wrapper

Issues

● Meta-data
formats

● Inter face
recognition

● Results
parsing

● Wrapper
generation

WWW

Wrapper
Wrapper

Wrapper

Wrapper
Generator
Wrapper
Generator
Wrapper
Generator

The query engine uses the resulting meta-data
and wrappers.

Query
Engine

Wrapper
Wrapper

Wrapper
Wrapper

Wrapper
Wrapper

Wrapper
Wrapper

Wrapper
Wrapper

Wrapper
Wrapper

Query

Inter face
specific

Meta-data

Source
Selection

Source
Quer ies

Results Issues

● Query
language

● Wrapper
selection

● Query
planning

● Result
format
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Our second research thrust is querying large-
scale simulation data.

Simulation
code

Mesh
Data

● Terabyte scale data
✵ time varying
✵ multivar iate

● Regular  &  ir regular  gr ids

● Only available for  a limited time

Select zones from my_sim_1 where 
temperature > 80 and mater ials include water

Query
Engine

Viz
tool

Again, preprocessing is an impor tant step.

Mesh
Data

Data 
Analysis

Data Models

Statistics

Wavelets

B-Spline
.
.
.

Query
Engine

Query Issues

● Sampling
● Model

selection
● Data

compression
● Query

optimizing
Mesh
Data

Viz
tool
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Again, preprocessing is an impor tant step.

Mesh
Data

Data 
Analysis

Data Models

Statistics

Wavelets

B-Spline
.
.
.

Query
Engine

Query Issues

● Query to
model
mapping

● Error
metr ics

● Refinable
quer ies

● QBE / user
inter face

Mesh
Data

Viz
tool

Current status

Data Integration

● Strawman design of
meta-data formats
completed

✵ focus of upcoming
workshop

Ad-hoc Quer ies

● Prototype infrastructure
with canned quer ies
near ing completion

✵ currently ignor ing most
research issues

Both projects are very new. 
Work has only recently begun and is ongoing.
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Questions?

www.llnl.gov/CASC/people/critchlow

This work was performed under the auspices of the U.S.
Department of Energy by University of California Lawrence
Livermore National Laboratory under contract No. W-7405-

ENG-48.


